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s 51, 5% : a 
TBE EPFECT OF WEATHER UPON THIE YmID OF CORN. 

By J. WARREN S a m ~ ,  Professor of Meteorology. 
[Dated Wea- Barmu, Columbus, Ohio, Jan. 6,1814.1 

INTRODUOTION. 

The eographical distribution of ve etation is deter- 
mined y the climate, and the rincip 5 climatic factors f 
that must be considered in the evelopment of lants in 
any art of the country are temperature, rain all, and 
s u n s g e .  

Temperature is the most important factor in deter- 
mining the broad climatic belts within which different 

lants will grow and mature, as well as the more narrow 
h t s  where they will make their best develo ment. 

mum temperature and moisture values during whicf it 
makes its best development, and that this varies in dif- 
ferent periods of its growth. And not only this, but the 
heat and moisture must be in right proportion. 

The moisture in the soil carries the plant food to the 
roots to be worked into vegetable tissue by the ener 
of the solar ra . If there is not enough material broug t 

other hand if the heat is not sufficient to use up the 
material brought by the moisture then the material is 
wasted. 

I n  the highest altitudes there is an excess of moisture 
and a deficiency of heat. These are the conditions that 
obtain in most of Euro e, and in these countries the crop 

In  other places where the ramfall is sufficient and the 
temperature too low for the best growth of plants, such 
as in Alaska, the sunshine becomes the most important 
factor. 

and reaches its fullest matu- 
of the short waves of 
Dark rays or heat can 

of ve etation, but 
Bar ey and oats 

as they are, as far 
of the quantity of 

P $ 

Investigation has shown that every plant % as its o ti- 

F 
to the plant t F en the solar energy is wasted, and on the 

yields are determined Ip argely by the temperature. 

B 
light. 

A value called the "sunshine-hour de ee" may be 

sary to grow and mature a crop by the total possible 
number of hours of sunshine from planting to har- 
vestin . 

If tiis is done for corn in the United States the sun- 
shine-hour degrees from the date of lanting to the date 

and latitude 35' are found to be 80,313 ; between latitudes 
35' and 40°, they are 65,778; and they amount to 47,887 

' between latitudes 40' and 45'; thus showing that the 
number of sunshine-hour de ees necessary to make a 

ing further why there is a decided diiTerence in the quan- 
tit of heat necessary for the same crop at  different lati- 

obtained by multiplying the average da I!? y heat neces- 

of harvesting of corn for the district g etween latitude 30" 

crop diminish as the latitu r e increases, and explain- 

tu B es due to the dBerence in the quantity of light. 

EAINFALL MOST IMPORTANT IN THIS UTITUDE. 

In  laces where 

the rainfall. This 

gener 3 ly sufficient 

in centra P and eastern districts as well. 

per cent o F its full water capacity during the most active 

s a q  for a maximum crop increases ivit z the richness of 

more especially the 

western art of the a large extent 

It has been demonstrated by long experiments in most 
of the temperate region that the yield of both grain and 
straw are eatest when the soil contains from 40 to 80 

season of growth. 
The most advantageous percentage of moisture vanes 

with different plants, depending upon their method of 
using the water. In  general the quantit of water neces- 

the soil, the closeness of the stand of plants, the size of 
the .leaves, the dryness of the air, the velocity of the 
wind, and the temperature. 

One writer states that it takes 350 tons of water to 
mature one acre of corn. Another, that unmulched land 
loses 200 barrels of water per acre each day by evapora- 
tion. 

of its total wei ht  

ra in .  Durin the latter 

its growth, an a 
a short straw but 

not necessarily a small yield of 
part of the growth the seed is eing made c iefly from 
material stored in the stalk, and moisture must be resent 

grain will be shrunken. 

d 
% 

to flush the material from the stalk into the hea a or the 

CRITICAL PERIODS OF QROWTH. 

A careful study of the work of others as well as personal 
investigation leads the writer to the conclusion that all 
plants have a certain critical period when favorable 
weather will produce a good crop and unfavorable 
weather a oor crop. Also that it is uite ossible to 

e weather 
element most affecting the conditions by a detailed study 
of the results in the field from the records of previous 
years. 

In 
some, temperature seems to be the most im ortant 

eriod seems to be soon. after seeding and in 
others crops th2i w e in blossom. In apples, for. example, our 
studies indicate that the weather during the formation 
of the fruit buds more than a year before the crop is har- 
vested, has a eater effect upon the yield than that of 

ft seems to the writer that when the critical period 
for a cro has been determined, together with the meteoro- 
logical Pactor most decting it, and then the climate of a 
place calculated, the adaptabilit of that crop to that 

seeding, fertilizing. (potsssium nitrate hastens npening), 

determine t 5l e most critical period as we I t &  as 

weather factor and in others it is the rainfall. f n some 

an like perio r between these dates. 

quic d y be deterrmned. In  
Bome cases it will be possi T le to vary the varietyt time of 

In some crops this critical period is very short. 

particular place can ve 
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or cultivation, do as to bring the critical period into the 
time when most favorable weather conditions are most 
apt to prevail. In other cases it will be found best to 
substitute some other crop that will lend itself to these 
conditibns. The one crop will do fairly well part of the 
time, while the other crop will reach its maximum most 
of the time. 

Further, we believe that this critical period in most 
instances is long enough before the date of harvest to 
allow for giving more attention to other crops which 
perhaps may be substituted. For example, there is no 

uestion but the rainfall for May is the most important 
factor in the hay cro in most of the northern art of the 

art of this month that the rainfall has been light, other 
fora e crops may be planted to take the place of the 
sma% ha7 “of .  

The mtwa period in the growth of corn.-The writer 
has devoted considerable time during the past 10 years 
to the problem of ascertaining ‘ust what effect the dif- 

trying to find the critical periods. A large amount of data 
has been brought together and some interesting and 
im ortant resulta obtamed. 

nearly 75 per cent of the world’s production of corn 
is grown in the United States, and as the economic im- 
ortance of this crop is so great, it has been thought 

[est to repare for ublication the following discussion 

It is not intended to be a comple’te or final study of the 
problem, because even as we are completing the paper 
we are constantly finding new problems and new lines of 
reaearch which demand further attention. We believe 
it wi l l  show the methods used, however, and help to 
point out the most critical eriod in the growth of this 

the final yield. 

United States. If, &erefore, it  is found towar B the latter 

ferent weather factors have on t il e different crops and in 

of the &ect of wea tg er upon corn 

mportant crop and the kin 2 of weather that most affects 

JULY BAINFALL AND COBN YIELD IN OHIO. 

In  the Yearbook of the United States Department of 

States in 

Jul alone and the yield of corn. The yield curve for the 

curve for July a one as i t  did with the rainfall curve for 
the three.months combined or-with any two of them. 
The period coverd was from 1858 to 1903, inclusive. 
A correlution method.-While the curve method of 

showing a relation between two factors is the most 
gra hic, it is not the most accurate. Hence in Table 1 

July for Ohio with the average yield of corn for the whole 
State for a period of 60 years by the simplest forin of the 
correlation table. 

As this form of correlation has been used very freely 
throughout this paper and as it may not be familiar to 
all of its readers the method will be explained in detail 
in discussing Table 1. (See also Monthly Weather 
Review, 1911, v. 39, p. 792.) 

Column 1 indi- 
cates the items, which in this case are the years from 
1854 to 1913, inclusive, a periad of 60 years. 

? eig E t States com ared almost as closely with the rainfall 

we fl ave compared the average rainfall for the month of 

Eight columns are used in the table. 

Column 2 gives the average rainfall for .the State of 
Ohio for the month of July for each of these years. 
Column 3 shows the departure of the rainfall for each 
year,from the average or normal for the month. In 
column 4 these departures from the normal.have simply 
been squared. 

In column 5 there has been entered the aver e yield 
of corn for the State of Ohio for each year, in”gbushels 
per acre. Column 6 gives the difference between the 
yield for each year and the normal or average for a long 
period. 

The average yield of corn for Ohio for the 60 years is 
34.5 bushels per acre. A careful inspection of the yield 
figures, however, w i l l  show a gradual increase in the 
yeld during much of the time, and instead of taking the 
dxerence between the yield for each year and the aver- 
age for the whole period it seemed best to use the mean 

from 1854 to 1873 
to 1893, 33.5 bushels per acre; and from 1894 to 1913, 
37 bushels er acre. Inasmuch as a mean yield was 

from the normal the r d a l l  departures in column 3 were 
obtained for the same yeam in the same manner. It will 
be noticed also that the yield figures are given to tenths 
while the departure figures are to the nearest whole 
number. 

The figures in column 7 are the square of the deper- 
ture figures in column 6 and correspond with column 4. 

In  column 8 there is given the product of the two 
de arture columns 3 and 6. Care must be taken in this 
cofmm to place the proper sign before the figures, remem- 
bering t,hat in mul t ip lp  like signs produce “plus” and 

The next step in the calculation is to obtain the 8111118 
of columns 4 and 7, multiply them together and obtain 
the square root of the product. The sum of column 4 
is 111.83 and of column 7, 1,045. The product of these 
factors is 116,862.35 and the square root of this product 
is 341.S. 

The next step is to obtain the algebraic sum of the 
values in column 8. This is +203.2 and this must be 
divided by 341.8 the square root of the product of the 
siiiiis of columns 4 and 7. This gives a quotient of +0.59 
which is called the “correlo.tbn coe#eien.t” or r. 

In  this method of coi-relation if there is an exact rela- 
tion between the two factors under discussion the corre- 
lation coefficient will be either + I  or -1. That is to 
say, if every time the rainfall was increased a certain 
amount the yield of corn was increased in exactl the 

exactl And on the other hand if every time the 
rainfd was increased a certain definite amount the corn 
yield would be demmed in an exact ratio the correla- 
tion coefficient would be exactly - 1. 

So in this correlation, the nearer the correlation m a -  
rient, r, approaches l the closer the relation, and the 
nearer it approaches 0 the less the relation. Some writera 
believe that the relation or influence of one factor upon 
another is well established if the correlation c o a u e n t  is 
three times the probable error, while others think that it 
should be six hmes the probable error. It probably is 
safest to assume that there may be some relation if the 
correlation co&cient is three times the robable error 

is more than six times the probable emr .  

for each 20 years in the departure figures 
for column 6. The of corn for the period 

per acre; from 1874 

determined P or each 20 ears in showing the departure 

unlike signs “minus” va f ues. * 

same ratio then the correlation coefficient woud 3 be 
+ 1. 

and that the relation is established beyon a question if it 
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, 1  

1854 .......... 
1855 .......... 
1458 .......... 
1857 .......... 
1858 .......... 
1859 .......... 
1880 .......... 
llyll... ....... 
llwa ....... :.. 
I&W .......... mu .......... 
1885 .......... 
llyld .......... 
1867 .......... im .......... 
1m9 .......... 
Ism .......... 
l871..- ....... 
l87!2 .......... 
lSZ3 .......... 
1874 .......... 
1875 .......... 
1816 .......... 
1877 .......... 
1876 .......... 
1879 .......... 
1680 .......... 
1881 .......... 
1882 .......... 
1883 .......... 
1.984 .......... 
l&% .......... 
1888 .......... 
1887 .......... 
1888 .......... 
1989 .......... im .......... 
1691 .......... 
1 m  .......... lm .......... 
IS94 .......... 
1895 .......... 
1896 .......... 
1897 .......... 
1698 .......... 
1890 .......... 
ID00 .......... 
1901 .......... 
1 m  .......... 
leoa .......... 
1904 .......... 
1905 .......... 
1906 .......... 
1807 .......... 
1908 .......... 
1909 .......... 
1911 .......... 
19l2 .......... 
1913 .......... 
mi0 .......... 

The robable error is found b the followin equation 
in whic fl I is the correlation coe fi cient and n t % e nuniber 
of years under consideration. 

1 4 0.674- JE 
Substituting the values obtahed in Table 1 we have 

the equation: 

9 

Amount. 

Inches. 
2.6 
5.8 
2.6 
4.9 
4.7 
1.6 
b.8 
3.3 
3.6 
2.6 
2.1 
5.7 
5.1 
3 .2  
a.7 
4.8 
4.7 
3.7 
6.7 
6.2 
3.8 
6.9 
6.4 
3.7 
5.4 
4.2 
4.2 
3.6 
3.2 
4.2 
3.8 
3.2 
2.9 
2.2 
4.4 
4.2 
a.o 
3.8 
3.8 
2.5 
1.6 
2.0 
8.1 
4.6 
4.0 
4.2 
4.6 
2.7 
4.7 
3.7 
4.1 
3.9 
5.1 
5.4 
4.1 
3.13 

2. I 
5.1 
5.2 

3.a 

1-(0.59)' 
0.674 6 0  

4 

uare of 
Iepar- 
ture. 

which equals f0.057 which is only & of the correlation 
coefficient. This shows without uestion a very high 

in Ohio covering a 60-years record. 
correlation between the July rainfal P and the yield of corn 

-- 
6 

Amount. 

TABLE l . -&rre la th  of July rainfall, and the y&?u of cornin Ohio, 
185.4 to 1915. 

3.25 a. 89 
2.25 
.64 
.36 

6. 25 

.64 

.25 
2.25 
4.00 
2.56 
1.00 
.81 

1:BB 
.49 
.36 
.16 

6.76 
4.41 . 01 
9.00 
6. 25 
.04 

3. ?5 
.09 
.09 
.nQ 
.49 
.nQ . 01 
.49 

1.00 
2 . m  

.25 

.oQ 
3.61 . 01 . 01 
1.86 
6.76 
4.84 

15.21 .16 
.04 
. m 1  
.16 

2.25 
.25 
.25 . ni 
.oQ 
.81 

1.54 . n i  
.16 

1.00 
3.24 
2.25 
1.00 

111.83 

2.89 

- 
y-. 1 Julyrafilfall. )I Corn yield. 

Bushela. 
26.0 
39.7 
27.7 
36.6 
37.7 
29.5 

33.5 
30.0 
27.0 
27.0 
35.0 
36.5 
29.5 
34.4 
28.4 
37.5 
36.7 
40.9 
35.1 
39.2 
34.2 
36.9 
32.5 
37.8 
31.3 
38.9 
31.0 
34.0 
24.2 
33.3 
36.8 
33.5 
30.5 
38.9 
32.3 
24.6 
35.6 
33.3 
9 . 1  
32. a 
33.7 
41.7 
34.3 
37.4 
g9.1 
433.6 
30.0 
38.8 
31.5 
33. 8 
37.9 
42. 3 
34.8 
36.1 
38.7 
36.6 
38.6 
42.8 
37.8 

3s. a 

......... Sum. ........... I 

8 

Depsr- 
ture. 

Inehrs. 
-1.5 
+ l .  7 
-1.5 
+o. 8 
+O. 6 
-2.5 
+ l . 7  
-0.8 
-0.5 
-1.5 
-2 0 
4116 
+1.0 
-0.9 
-1.4 +o. 7 
+O. 6 
-0.4 
+2.6 +a. 1 
-0.1 
+a. n 
+2.5 
-0.2 
+1.5 +o. 3 
+O. 3 
-0.3 
-0.7 
+o. 3 
-0.1 
-0.7 
-1.0 
-1.7 
+O. 5 
+o. 3 
-1.9 
-0.1 
-0.1 
-1.4 
-2.6 
-2.2 
+3.9 
+o. 4 
-0.2 
+o. 01 
+o. 4 
-1.5 
+O. 5 
-0.5 
-0.1 
-0.3 
+O. 0 
+l .  2 
-0.1 
-n. 4 
-1.0 
-1.8 
+1.5 
+1.0 

........ 

6 

Depar- 
ture. 

Bwhrls. 
-7 
+7 
-5 
+4 
-5 
-3 
+5 
+O. 4 
-3 
-6 
-6 
+2 
+4 
-3 
+2 
-4 
+5 
+4 
+8 

+6 
+1 
+3 
-1 
+4 
+ I  
+5 
-4 
+O. 5 
-9 
-0.2 
+3 
-0.03 
-3 
+5 
-1 
-9 
+? 
-0.2 
-4 
-4  
-3 
+5 
-3 +o. 4 
+1 
+6 
-7 
+2 
-6 
-4  
+1 
+5 
-2 
-1 
+2 
-0.4 
+a 
+6 
+ I  

+a 

......... 

- 
7 

uareol 
ture. 

8epar- 

49 
49 
25 
16 
2.5 
9 

25 

9 
36 
36 
4 

16 
9 
4 

16 
25 
16 
64 
4 

36 
' 1  

9 
1 

18 
1 

?5 
16 

81 

9 

9 
?5 

1 
$1 
4 

16 
16 
9 

25 
9 

1 
36 
49 
4 

36 
16 
1 

3 
4 
1 
4 

4 
3fi 

1 

1.045 

....... 

........ 

........ 

........ 

........ 

........ 

........ 

- 
- 

- 
8x6 

8 

+ 10.5 
+11.9 + 7.5 + 3.2  
- 3.0  + 7.5 + 8.5 
- 0.3 + 1.5 

+12.0 + 3.5 + 4.0 + 2.7 - 2.8 - 2.8 
-!- 3.0 - 1.6 
+m.8 + 4.2 - 0.6 + 3.0 + i . 5  + 0.2 + 6.1) 

+ 1.5 + 1.2 

+ 9.0 

+ 0.1 

- - ;:; 
......... - 2. I 

+ 5.1 + 2.5 - 0.3  
+17.1 
- 0.1  

+ 5.6 
+lo. 4 + 6.6 
+19.5 - 1.2 - 0.1 

+ 3.4 
+10.5 + 1.0 + 3.0  + 0.4 - 0.3 + 4.5 - 1.4 

- 0 . R  + 0.4 - 3.6 

......... 

......... 

......... 

+ 0.1 

+ 9.0 + 1.0 

+m. a 

O o r r e l u h  with o t h r  month.-It follows that by mak- 
ing similar correlations for other periods in the growth of 
the corn plant the time when the ramfall has the greatest 

effect can be accurately determined. The Weather 
Bureau records show monthly amounte of rainfall, hence 
in these early data the rainfall for complete months only 
can be used. 

Correlation coefficient tables for Ohio for 60 years for 
other months worked out exactly as shown in Table 1 
give the following: 

Period of rainfall. 

correlation 
coemdent 

r 
July .. ..................................................... +0.69 
June ........................................................ +0.12 
August ....................................................... +0.37 
June and July .............................................. +O. 48 
July and August ............................................. +O. 67 
June, July, and August ..................................... +O. 57 

This makes it plain that the rainfall for the month. of 
July has a far greater effect upon the yield of corn in Ohio 
than either June or Au ust, somewhat reater than the 
rainfall for June and Ju y combined, an sli htly reater 
than for June, July, and August combined, u t  t a t  the 
rainfall for Jul and August combined has a greater 

Results of vnrit-~tion,~ in Ju.h ~a.injall.-The average 
rainfall for the State of Ohio in 5 ulv for the past 60 years 
is 4.06 inches. The avera e yield of corn for Oh10 for 

years are grouped by July rainfall amounts the yield fig- 
ures show some very interesting results. 

For example, if all.of the rmnfaUs of one-fourth inch 
differences be grouped and the yield figures averaged, the 
results will show an aver e increaae in the yield of corn 

of one-fourth inch. That is, if all of the years when the 
rainfall for July was less t'han 1.75 inches, be r p e d  
together then all of the years when the r i b  all was 
between 1.75 inches and 2 inches, between 2 inches and 
2.35 inches, and so on u to 5 inches, the increase in the 

avera e increase in yield With each increase in the rain- 

If the rainfall a.mounts are grouped for eac half-inch 
difference, the average increase in the yield with each 
increase in t,he July rainfall of one-half inch is 1.2 bushels 
per acre. The average eld of corn for all of the years 

3 inches is 39.S bushels er acre, while the average yield 

inches and 3.50 inches was 34.1 bushels per acre. This is 
an average increase of 4.3 bushels per acre in the corn 
yield for the whole State of Ohio when there is an increase 
in the rainfall of only one-half inch, at what seems to be 
the critical rainfall stage in July. 

The average increase in the corn eld with each 

bushels per a.cre. Between 3 inches and 6 inches the 
eld increases a t  an avera e rate of 2.5 bushels er acre 

greatest rabe of increase is when trhe rainfall passes the 
3-inch mark. 

In all of the years when the rainfall in July in Ohio has 
averaged less than 3 inches the average corn yield has 
been 30.3 bushels per acre. In the years when the rainfall 
for July has been 5 inches or above, the corn yield has 
averaged 35.1 bushels per acre. 

production show that the area 

1912, inclusive, has averaged slightly over 3,500,000 acres 

f bg h 
effect than for 3 uly alone. 

the 60 years is 34.5 bushes K per acre. If the different 

of 0.5 bushel per acre wit "a each increase in the rainfall 

eld values wi f a.mount to 0.5 bushel per acre 
with average eac i? rainfall increase. Between 2 and 4 inches the 

fdl  o f: one-fourth inch aiiiountas to 1.4 bushels er acre. 

when the rainfall for Ju 7 y was between 2.50 inches and 

for all of the Tears w i! en the rainfall was between 3 

increase of 1 inch in the rainfall in J UT y in Ohio is 2.3 

9' or each increase of 1 inc % in the July rainfa E . The 

R 

The records of cro 
devoted to corn in 0 I '0  for the 10 years from 1903 to 
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each year. The average farm price for corn on December 
1 du,ring the same period has been 50 cents per bushel 
in Ohio. 

Combining these'figures with the yield values in the 
preceding paragraphs we see at once that each increase 
of one-fourth inch in rain in July over the State of Ohio 
causes an average increase in the total corn 
2,800,000 bushels, with a value of $1,400,000. &tth:: 
between 2 and 4 inches each increase in rain amounting 
to onefourth inch increases the vdue of the corn crop 
in Ohio $2,950,000. 

res show further that each increase in the rain- 

in the corn yield in Ohio of 4,200,000 bushels, worth on 
December 1 on the farm $2,100,000. And not only that, 
but when the rainfall for July.passes the 3-inch mark 
the increase in the corn crop w t h  an increase in the rain- 
fall of only onehalf inch will, on the average, amount to 
15,050,000 bushels, worth $7,525,000 when corn is worth 
50 cents a bushel on the farm. 

For each variation of 1 inch in the rainfall for J d y  
eld in Ohio varies 2.3 bushels per acre or 

When the rainfall for July in Ohio has been less than 
3 inches the yield of corn has averaged 30.3 busheh per 
acre, and when the fall has been 5 inches or more bhe 
yield has averaged 38.1 bushels per acre. This difference 
of 7.8 bushels per acre means 27,300,000 bushels of corn 
for the State, worth $3.90 an acre, or $13,650,000, depend- 
in on whether the State has had an aver e of 3 inches 

or more. 
It must be remembered that these figures are only 

aver es and it does not follow that the yield will vary 

onefourth or one- alf inch, etc. Sometimes the variation 
will be greater and sometimes less, but inasmuch as the 
study covers the unusually long period of 60 years the 
figures must be valuable. 

The practical application of this study comes in recog- 
nizing the fact that one-fourth and even one-half an inch 
of rain can be conserved from rapid evaporation by 
proper cultivation. 

The fi 
fall in J u  ? y of one-half inch will cause an average increase 

8,050,000 the corn t ushels. 

or 7 ess of rain in July or whether the fall has "$, een 5 inches 

as in P icated eve '3: time that t,he rainfdl tor July varies 

CORRELATION FOR SHORTER PERIODS THAN MONTHS. 

The rainfall in the preceding correlations and discus- 
sions was for complete mont,hs so the next step seemed 
to be the tabulation of the rainfall into shorter periods to 

the exact time during which the rGn- 
effect upon the corn . 
done by correlating t reld e rainfJl at one 

station for each IO days with the yield of corn in the 
count in which the station is located. Wooster, Ohio, 
and $ayne County were considered with the following 
result: 
TABLE 2.-Corre2ation of rain all at Wooeter, Ohw, for eaeh.10 days and 

Correlation 
coefficient 

PeriodS. r. 
June 21 to 30 ................................................ +O. 31 
Jul 1 to 10 ................................................ + .12 
JuG 11 to 20 ............................................... + .71 
July 21 to 31. .............................................. + .16 
AuguatltolO .............................................. + .56 
Auguatllto20 ............................................. + .46 
Auguat21 to31 ............................................. + -14 
September 1 to 10 ........................................... + .36 

yk!d of eorn in h ayne Cotmty, 1891 to 1910. 

the three counties of Franklin, Madison, and Pic.kaway, 
in central Ohio, and the average rainfall for 18 co6perative 
stations in and around these counties. The period cover- 
ed was from 1891 to 1910, inclusive, and we bdieve that 
R correlation with the averages obtained in this manner 
has a high degree of accuracy. 

The same method of correlation was used as has been 
described in Table 1,  and the correlation was made for 
each 10,30,30,40, and 50 days, as shown by the following 
tables : 
TABLE 3.-RelatWn between rainfall and v ieM of eorn in central Ohio 

for io-d~y +as, 18gi"to igio. 
correlatfan 
mdicwt 

June 1 to 10 ................................................. 4 . 0 9  
June 11 to20 ................................................ + .12 
June 21 to30 ................................................ - .04 
July 1 to 10 ................................................ + . l 6  
July 11 to 20 ............................................... + .36 
July 21 to 31 ............................................... + .36 
August 1 to 10.. .......................................... + .62 
August 11 to 20 ............................................. + .29 

This table seems to show plainly that the 10-day period 
from August 1 to 10 has the greatest iduence upon the 
yield of corn in central Ohio. The probable error for 
that correlation coefficient is f0.10, which is fairly low. 
TABLE 4.-RelaatiOn between &%fall and ykld of corn k ~an tnrZ  Ohio 

for ZO&y periods, 1891 to 1910. 
corrslatfon 
coamdant 

Periods. r. 
June1 to20 ............................................... +O.oS 
June 11 to 30. ............................................. - .10 
June 21 to July 10. ........................................ + .07 
July1 to20 .............................................. + .36 
Jul 11 to31 ............................................. + .41 
August1 to20 ............................................ + .46 
August 11 to 31. .......................................... + .20 

The highest value of r in t;his table is +0.50 from Jul 

Perlads. r. 

August 21 to 31 ............................................. - .06 

Jug 21 to August 10 .................................... + .M) 

21 to August, 10, and this is just five times the probab 9 e 
error. 
TABLE 5.-Relah between m'nJal1 and ykld of com in aarw O&b 

ca7elatlon 
eoeftldsnt 

Periods r. 
June 1 to 30. ............................................. -0.02 
JunelltOJulylO ......................................... + .ll 
Jul 1to31 ................................................ + .43 

for so-day p&, 1891 to 1910. 

June 21 to July 20.. ....................................... + .26 

July 21 to Auguat 20. ...................................... + .48 
Auguatl to 31 ............................................. + .S7 

Here the greatest coefficient is for the period July 11 
to August 10, when T is +0.49, and the probable error is 
f0.10. These last three tables seem to show that the 
rainfall before July 10 does not have a ve great effect 
upon the yield of corn. Also that the ra3all after Au- 

ust 11 need not be taken ver seriously into account. 

for the 10 days of August 1 to 10 is hi her than for any 

Jug 11 to August 10.. .................................. + .48 

4he tables show further that ti e correlation coefficient 

30 or any 30 day period, although the %: ifference is slight. 
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TABLE 6 . - R e l a h  be twm rainfall and &la of corn in central Ohw 
for 40- p d ,  1891 to 1910. 

Correlation 
clmmcht 

PWbdS. 1. 

Junel to Jul 10. .. _________.:  ............................ +0.07 

June 21 to July 31. ........................................ + .36 
Jul 1 to Aug. 10.. ....................................... + .53 
JUG 11 to August 20 ............... : .................... + .80 
July 21 to Auguat 31 ...................................... + .52 

There seems little question in this table of the donii- 
nating influence of the rainfall during the period from 
July 11 to August 20. This correlation coefficient of 
+0.60 is nearly seven times the probable error. 

TABLB 7.-Relalion between rainfall and the yis2d of m in central Ohw 
for SO-day paiods, 1891 to 1910. 

Correlation 
coemccient 

BriOdm. \ T.  

Junel to Jul 20 .......................................... +0.17 
June 11 to Jufy 31.. ....................................... + .36 

July 1 to August 20 ...................................... + .69 

June l l toJuy20  T ......................................... + .!M 

June 21 to Auguat 10.. ..................................... + .49 

July 11 to Auguat 31. ..................................... + .55 

The correlation coefficient from July 1 to August 20 in 
this table is +0.59 and is slightly more than six times 
the robable error. 

believe that the district covered by the yield and 
rainfall @urea in Tables 3 to 7 makes them ver reliable 

section of the country. Similar tables should be worked 
out for other districts, however, as the correlations might 
vary under different distribution of rainfall or different 
temperature and suqhine. 

It may be well agam to call attention to the differences 
shown in Table 3 as compared with Table 2, in order to 
emphasize the importance of havin sufficient data so that 

and that the values may be taken as a standar i for this 

incorrect conclusions may be avo1 -fi ed. 

WEATHER EFFECTS DURING DIFFERENT PERIODS OF DE- 
VELOPMENT. 

After showing the relation between-the corn yield and 
a single element, the rainfall during certain definite peri- 
ods, the question naturally arises: m a t  is the effect of 
all the elements, 1. e., the weather during different peiiods 
of development of the corn plant? !This question can bo 
answered by a stud of certain data that have been coni- 

Mr. Thomas Mikesell, of this p ace, has kept a most re- 
markable record of henological data for the past 30 years. 

all field and arden crops, of fruit and forest trees, shrubs, 

tion of birds and the activities of insech, animals, etc. At 
the same.time he has kept a daily record of temperature 
and rainfall with well-exposed standard instruments. 

In Table 8 there have been entered certain important 
data relating to corn growth and develo ment from 
1883 to 1912 as taken from the records of &r. Mikesell. 
As will be seen, they cover the dates planted, dates that 
the planta appear above ground, the date in blossom, 
and the date ripe, together with a statement of the 
quantity and quality of the crop. 

From 1883 to 1901 the dates are for o erations 011 

certain nearby fields, the same field being used for the 
entire season. The average dates and periods of d e  
velopment are given at the bottom of the table. 

? Ohio. 
piled at Wauseon, 5 ulton Count 

He has a wonderfu P ly complete record of the advance o 

g~aases, wee fi s, etc., of all vFrieties, as well as of the migra- 

his own farm, and dueng the balance of t g e period for 

TABLE g.-PncnO@&xzl dated and data fot gmwth.of anm at W-, 
Ohm, 188s to 191.8, by Thtmm M h e l l .  

[L8t.,4lo35'N; lO~. ,84"07'E. :  alt . ,78OfeetA.M.S.L.] 

Year. 

lm... ... 
1 w . .  .... 
1495.. .... 
1888. ..... 
1887.. .... 
1888.. .... 
1689. ..... 
1890.. .... 
1891.. .... 
1892. ..... 
1893.. .... 
1 w . .  -. -: 
1695. ..... 
1886.. .... 
1S97.. _ _  .. 
1898. ..... 
1899.. .... 
1900.. .... 
1901. ..... 
19021. .... 
1903. ..... 
1004.. .... 
1905.. .... 
1906.. .... 
1 m . .  .... 
1908. -. -. . 
1908.. .... 
1910.. .... 
1911.. .... 
1912. __. _. 
Average.. 

Date 
planted. 

&fay 12 
16 
18 
11 

15 
15 
?: 
13 

June 18 
May 18 

1 
1 
9 

22 
18 
18 

13 

a0 

.......... 

.......... .......... 
May 7 

9 
10 

14 
11 
10 
10 

May 14 

2 y  z 
.......................... 
July I 69 Bept. 10 

18 64 Aly .  30 
17 62 Sept. 10 
3 0 s s  3 
3 0 6 3  15 

Aug. 6 77 25 
1 7 2  30 

July 20 64 8 
2 2 6 3  2 

July 25 171 Sept.,13 

2 8  
> P 4  -- 

73 Bo 
63 90 
6 6 8 5  
B o 8 5  
5 3 8 0  
57 76 
5 8 8 5  
6 6 5 0  
63 Bo 
5 0 8 0  
49 Bo 
44 Bo 
E 4 8 0  
61 100 
64 80 
42 ..... 
44 90 

49 ..... 

47 80 
43 75 
5 5 8 0  
35 75 
47 80 
5 0 8 0  
B o 9 0  
5 0 8 0  
42 85 

50 76 

.......... 

.......... .......... 

-_. 

Poor. 
Qood. 
Fair. 
Qood. 
Fair. 
Fair. 
Oood. 
Fair. 
Qood. 
Fair. 
Qood. 
Fair. 
Qood. 
Qood. 
Qood. 

Qood. 
........ 
........ ........ ........ ........ 
Qood. 
Good. 
Qood. 
Qood. 
Qood. 
Good. 
Fair. 
F8h. 
Qood. 

1 Data for the years 1883 to 1901, inclusive ap ly to Mr. Mitasell's own estate; d a b  
for 1902 to 1912 apply to certain nearby 5e& & same fleld belug used for the entire 
season. 

ThermuZ cmtunts.-The ' I  thermal constant" of a crop 
is the average suni of the daily mean temperatures nec- 
essary to bnng it to maturity. Thermal constanb have 
been worked out at man of the European experiment 

heat necessary too bring a certain crop to maturity in 
the same 1ocaLitv does not vary very much in different 
rears. If the temperature is corn aratively low, the 
hpening is correspondingly delay el .  But there have 
been marked differences among investi ators as to the 
temptratlire data to be considered ancfthe point from 
which the thernial c.onstant should be calculated. 

Botanists state that the roto lasmic contenb of vege- 

(io C. (43.S0 F.): that tohe protoplasm gegins to awaken 
into life when this temperature is reached, and will grow 
and niultiply as the temperature rises above this 

It seems to the writer that 43' F. should be a opted 
tw the oint of departure in calculating "thermal con- 
stants.'P Also that the daily temperatures used should 
he the mean of the daily maximum and minimum tem- 
peratures obtained in the shade. These are the daily 
means used by the United States Weather Bureau and 
are tohe most available. [Necessary corrections to be 
applied in obtaining the true dai!y mean temperature are 
given in Weather Bureau Bulletin S.] 

For the spring-seeded crops we believe that the thermal 
constant or effective ten1 erature record should begin with 
the date of seeding ancfend with the date of ripenin 
For fall-seeded crops the record should also hegm wit 
the date of seeding and all winter days be used when the 
mean temperature for the day is above 43O. It might be 
said that when grain is covered with snow an air tempera- 
ture above 43' has no effect upon the plant. But on 

stations and it has been B etermined that the amount of 

table cells are inactive w k Y  en t e teni erature ,is below 

aoint. 

k 
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Year. 

the other hand if the round is not frozen the plant may 

the tern erature over the snow cover below 43". In the 

should be calculated from the beginning of the formation 
of the fruit buds during the preceding suninier. 

The method used for obtainin the "thermal con- 
stant" as noted above is quite simp 7 e. Thus if the mean 
temperature for any month is 65" F. the daily effective 
temperature is 65" minus 43", or 33'. The thermal 
constant for the month will be found by multiplying the 
dad effective temperature, 32, by the number of days 

If the daily mean temperature during any art of L 

omitted and only those days used when the averaqe daily 
temperature is 44" and above. This can be done by 
either of two methods: (1) Find the difference between 
the m a n  temperature and 43" for each day separately 
and add the sunis together, or (3) get the mean tempera- 
ture for the days when the mean is 44" and above, sub- 
tract 43", and multiply by the nuniher of days. 

be growing slightly w gh ile covered with snow even with 

case of P ruits it is probable that the " thermal constant'' 

in t K e month. 

month has been 43" or below, these days s R o d d  be 

B P  a , "  
g .a 39 s9 

a& 
p s  
s 8  

'I'HEBMAL AND BAINFALL CONSTANTS AT WAUBEON, OHIO. 

Thermal and rainfall constants have been worked out 
for the different stages of growth of corn at Wauseon, 
Ohio, for 1883 to 1912, and a pear in Table 9. In addi- 

days before the date of planting was determined and 
ap ears in the table. 

h i s  table should be studied in connection with the 
data in Table 8 for the dates of planting, blossoming, 
etc., and the number of days between. these dates during 
diff went years. 

TABLE 9.-TiUrmal and rainfall mnstunts during the growth of eorn at 
W w e o n ,  Fulton County, Ohio. 1883 to 1912. 

tion, the amount of available 1 eat and the rainfall for 10 

C "  ez 
l. 

2 a& 
lo.5 

Thermal. 

g - 
' F. 
270 
240 
330 
290 
350 
270 
250 
270 
a60 
310 
300 
290 
250 
280 
290 

Rainfall. 

s s b  - 
F. In. In. 

2w) 0.6 2.7 
a90 1.0 0.8 
310 0.1 1.6 
260 0.9 0.9 
330 0.1 1.4 
330 1.4 0.4 
!240 1.3 0.4 
360 1.1 T. 
250 0.4 0.6 
310 1.0 1.2 
300 1.0 0.3 
330 0.9 1.3 
270 T. 1.2 
290 0.2 0.6 
330 1.0 1.2 ........... 1.7 1.4 

290 I 330 1.4 1.2 

- 
h 
4 

.FIG 
0 

e a  2 'Z 

p" 

$$ 

4 

In. 
13.7 
6.0 
6. ti 
2. 8 
8.4 
5.6 
15.3 
4.4 
6.6 
5.3 

5.3 
2.3 
8.2 
5.4 
6.1 
4.7 

8.3 

6.5 
IO. 2 
6.8 
10. 7 
9.6 
LO. 7 
6.6 

LO. 2 
5.3 

7.4 

- 

a. 4 

,-.., 

..... ..... 

- 
- 

a F. 
1583 
1'496 
1:5!20 
1,477 

1:849 

1:568 
1365 

1,m 
1'634 
1,838 1919 
1'443 

1566 
(478 

1.469 

1637 

1 574 
1'762 
1'735 

1'913 

1:232 

1:.m 

1'9% 
1'811 

1:w 

1,w 

-- 
a F. 
1x4 
1'412 
1:432 

1,410 
;:E 
1,239 
1,330 
1,366 
1338 

1309 
1'428 
1'490 

1:344 
1,546 

1 140 

897 
1223 

1'322 

1:in 

1'4.86 
1'269 

.............. 

.............. .............. 
1'210 
(607 

1'223 
1'453 

1:107 

1,837 
-- 

- 
h 
4 

f .g 
BE 
y _ s ;  

s 
In. 
3.7 
0.0 
0.2 
T. 
1.0 
0.1 
1. ti 
T. 
0.4 
1.2 
1.0 
T. 
0. 2 
1.4 
1.7 

2. 2 

>. 
'CI 

- 

.... 

.._.. 

.... 

1983.. ... 
1884.. ... 
1885.. ... 
1888. .... 
1887 ..... 
la?. . . . .  
1888.. ... 
1891 ..... 
1892 ..... lrn..... 
1884..... 
18%. .... 
1896. .... 
lag7 ..... 
1898..... 
1898. .... lrn... 
1901... .. lsoa... 
1903.. lww..... 
IW..... lrn..... 
1908 ..... lrn... .. 
1910... .. 
1911..... 
1912..... 

M e u m . .  

isso... .. 

ism .....- 

- 
B 

z 2 

I .- 
v1 
h z 
3 

In. 
0.0 
4.5 
2.6 
0. 2 
0.0 
0.4 
0.9 
T. 
0.4 
T. 
n. 4 
0.2 
0.5 
6.4 
1.3 

1.9 

-_ 

._. 

... ... ... ... 
n. R 
n. a 
n. a 
2. n 
0.2 
2.6 
T. 
0.8 
0.8 

1.1 
- 
- 

a F. F. 
139 141 
114 161 
114 147 
134 128 
a05 131 
128 110 
250 143 

103 148 
318 165 
140 163 
139 161 
157 175 
235 154 
153 186 
150 177 
169 154 

151 301 

148 109 
142 97 
91 127 

213 199 
135 107 
78 114 
125 165 
188 133 

150 143 

im iai 

........... 

........... ............ 

a 38 

-- 

In  Table 8, for example, the average date for planting 
corn is May 14, and the average number of days for the 
plants to ap ear above the ground is nine. Table, 9 

period has been 143", and the average rainfall 1 inch. 
The average time from the date the plants ap ear 

above the ground until they are in blossom is 62 C? a 
and the thermal constant averages 1,599O. The r a i n a  
averages 7.4 inches. The average date that the corn is 
in blossom a t  Wauseon is July 25, although this date 
has varied between July 10 and August 6. 

The avera e date that the corn has ripened is Septem- 
ber 13, or 50 % ays after the date of blossoming. The aver- 
age thermal constant during this time is 1,337', and the 
average rainfall 4.6 inches. 

Table 9 also gives the thermal and rainfall constants 
for 10 days before blossoming and for 10 days after bios- 

, as well as the rainfall during the 10-daT period 
from ve days before to five days after blossoming. 

T h e m i  constanis and corn yteld, Wauseon, Oh.--In 
Table 10 the correlation coefficients have been given b e  
tween the thermal constants during different periods of 
corn development and the percenta e of a good crop, as 

that the ercentage figures have been caref y oonsid- 

shows that t R e average number of degrees during this 

reported b Mr. Mikesell. It is un P ortunate that we do 
not have t E e yield of corn in bushels per acre, et believer 

ered by t E e observer. 
d 

TABLE lO.-Resulls of correlation between t h e m 1  eonstants and eorn 
yield, Wnuseon, Ohio, 1885 to 1912. 

M d m t  

(1) Thermal constants for 10 days before plantingand yield.. -; 03 
(2) Thermal constants from date of planting to date above 

ground and yield ..................................... - .03 
(3) Thermal constants from date above ground to date of bloe 

soming and yield ..................................... + .18 
(4) Thermal constants from date of bloseoming to date ripe 

(5) Daily mean temperature for 10 days before bloseoming and 

(6) Daily mean temperature for 10 days after blmming and 

bKd0tlOn 

Correlation factors. 

and yield ............................................. + .08 

yield ................................................ - .003 

yield ................................................ - .28 

There is a slight positive relation between the tem- 
perature between the date that the corn a pears above 
t,he ground m d  the date of blossoming a n f t h e  yield of 
corn, as well as a negative relat,ion between the tempera- 
ture for 10 days after blossoniing and the vield, but the 
correlation c.0efficient.s are all too low to be given any 
consideration. 

Thus Table 10 seems to show that there is little or no 
relation between the daily mean temperature and the 
.yield of corn. 

Rwinfdl con.stcr.nts mid corn. yicld, Wa.useon, Okio.-In 
Table 11 the correlation coefficients between the yield of 
corn arid the rainfall during the different penods of 
growth are shown. 
TABLE 1 L.-Rtsnlts of correhtion hettveeia raitgflfnll coiurtnnta and m n  

yield, Waitaeon, Ohio, 1883 lo 1912. 
Correlation &Clpmt 

rorrelatio.1 factors. . r 
( 1  ) Rainfall for 10 days before planting and yield of corn. ..... +O. 01 
(2) Rainfall from date of planting to date above ground and 

yield .................................................. - .06 
(3) Rainfall fmm date above grnund to date of blossoming and 

yield .................................................. - .03 
(4) Rainfall from date oi blossoming to date ri e and yield.. .. + .39 
( 5 )  Rainfall from 5 &y8 befme blossoming to 5 z y s  a@ blossom- 

ing and yield.. + .45 
( 6 )  Rainfall for 10 days before blossoming and yield.. ......... + . 3 

Rainfall for 10 days after blossoming and yield.. ... + .74 
Rainfall for 20 d a y  after bloesoming and d d .  - - -. - - - - - - -. + .57 

......................................... 

Rainfall for 30 days after bloeeoming anzgeld..  .......... + .46 

5.5 
1.9 
2.7 
2.3 
6.3 
4.0 
6.2 
1.4 
1.1 
3.8 
3.8 
3.5 
4.7 
23 

2.2 

T. 
1.0 
0.1 
1.0 
T. 
0.4 
0.3 
0.4 
0.2 
0.7 
4.0 
1.0 

2.8 
.... 

........ ..__ ........ 
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The results from this table are very im ortant. I t  

rainfall in the first part of the period of growth of the corn 
crop and the yield. The average date of blossoming as 
determined in Table 8 is July 25, 62 days after the plants 
ap ear above the ground and 71 days after lanting. 

Table 11 are much too near zero to receive consideration. 
The correlation coefficient in item 4 indicating the rela 
tion between the rainfall between the dRtes of blossoming 
and ripening is + 0.39, but as this is only two and one-half 
times the probable error even this is not very close. 

The value of T for the rainfall for 10 days before the 
date of blossoming as given in item 6 is also too low to 
be given serious consideration. In item 5, however, cov- 
ering the time from five days before blossoming to five 
days after blossoming, the value of r is four times t,he 
probable error and a relation is apparently established. 

seems to make plain that there is no relation g etween the 

$he correlation coefficient for the first t R ree items in 

Fm. l.-Dot chart showing combhed effect of teniperature and rainfall dur’ the 
date of bloasom u y  the yield of corn at Wauseon%Iio, 10 da a foUowlng lssa-folt +, ymld above normal; -, y eld below normal. 

It is in item 7 of Table 11, however, that we have the 
hi best correlation coefficient. This shows that the rain- 
faK for the 10 days after blossoming has the reatest effect 
u on the ‘eld of corn of any period in thekstory of the 
P P ant . &s value of T is +0.74, which is 15 times the 
probable error. This codcient is considerably higher 
even than that for the 20 days or the 30 days following the 
date of blossoming. 

In  Tables 3, 4, and 5, there were given the correlation 
coefficients for the rainfall for the State of Ohio as a whole 
com ared with the ‘eld of corn, for arbitrary 10,20, and 
30 a periods. J n e a r  the average date of blossoming ’h h values of r. These facts combined with the 

va ue of T in item 7 of Table 11 o to show that the E;: K 
rainfall immediately after blossoming as a very dominatr 
ing effect u on the .eld of corn. 

~ m ~ J g e c t  &winfall a,& term erature.-Item 7 in 
Table 11 indicates a direct relation f etween the rainfall 

after blossoniin and the yield of corn, and 
item for lo 6 in daF able 10 seems to s a ow an opposite. effect of the 

fl 

temperature upon the yield, during the same period. 

In  figure 1,  therefore, the combined effect of these two 
factors is shown by a dot chart. In this chart the mean 
or normal tem erature is indicated by a central horizontal 
line. Lines agove .this normal line indicate temperatures 
above the normti1 and lines below it temperatures below 
the normal. The normal rainfall is indicated by a cen- 
t-ral per endicular line and the rainfall values above and 

left of the central line, respective 7. 
elcl dot at the 

temperature and the rainfall from the normal. If the 
yield is above the normal a cross or lus mark is entered, 

down. If there is a decided effect of either or of both 
fackors there will be a well defined grouping of the plus 
and the minus signs. 

Figure 1 seems to make plain the fact that warm and 
dry weather for 10 da after blossoming is very damaging 
to the corn eld an c9” that wet weather is beneficial. It 
shows also t ? at if dry weather is also cool the result is 
general1 favorable. 

CoweiZtion between weather factors.aometimes a 
weather factor seems to show a favorable or unfavorable 
effect upon the yield when in fact the real effect is due 
to another weather condition entirely, which itself deter- 
mines the first factor. 

I t  is sometimes true that wet weather is also cool 
weather or that wet and warm weather occur together 
over a district. To ascertain whether this is the case in 
the develo ment of corn some correlations have been 

T below t, R e normal are indicated b lines to the right and 

intersection of the lines in (9 icating the c ?i’ eparture of the 

and if the yield is below the norma Y a minus sign is set 

The dot chart is made b placing a 

determine a for Wauseon as given in Table 12. 

TABLE 12.-Reaulta of rorrelntion between tlmmal eonstants and rainfall, 
and also othzr factors, Wauswn, Ohw, 188s to 191% 

correlation 
eoemclent 

Correlation factora. r. 
(1) Thermal constanta from date above ground to date of 

blossoming of corn and total rainfall for same period.. . +O. 42 
(3) Thermal constanta and total rainfall from date of blossom- 

ing of corn to date ripe. -. -. -. - -. - -. - -. . . -. . . - - - - - -. . - + .% 
(3 )  Thermal conetanta and total rainfall from date of planting 

of corn to date that it is ripe ______._._. -. . . . -. . -. . - - - - - - . 11 
(4) Thermal constantR from date of lavting of corn to date i4 

is ripe and the total number o! days in same period. - - . + .37 
(5) Relation of total number of days from date of planting of 

corn to date it i8 ripe and the yield of corn. . -. . . . . . . . . . - .001 

The above values of T show that warm weather pcconi- 
anies wet weather more than half of the time d u m  the 

Erst part of the growth of corn, but that for the w 5l ole 
period any apparent relation is accidental. 

RATE OF GROWTH OF CORN. 

A number of years ago the Penns lvania State Agri- 
cultural Experiment Station carriel  out some esperi- 
ments shomng the rate of iowth of corn, and tables 

ports for 1557, 1855, and 1889. 
The period covered in 1889 was from July 5 to 27, when 

the average rate of growth of corn was 139 thousandths 
of a foot in the daytime and 198 thousandths of a foot in 
the nighttime. I n  this discussion the “daytime” was for 
0.5 hours, from 7 3 0  a. m. to 5 p. m., and the “ni httime” 
was from 5 p. in. to 7:30 a. m., or 14.5 hours. TBe hourly 
rate of growth during this period was 13.6 thousandths of 
a foot at night and 14.7 thousandths of a foot in the day- 
time. 

Tem erature data are given in the tables in connection 
with t l e rate of growth and from those tables %res 2 

showing the results were pu 5 lished in their annual re- 
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and 3 have been repared. Figure 2 gives the eneral 

of owth in the daytime and indicates a close connection. 
Rgure 3, however, indicates that the rate of growth of 

the corn plant at night follows along with and is very 

relation between t R e maximum temperature and t 7 le rate 

of minimum. tempem.tu.res a.t & auseon, Ohio.- 
controlled by the minimum teni erature. 

curves in figure 3 in mind correlations were, 
calculated between the minimum temperatures at Wao- 
seon, Ohio, and the yield of corn. The results are given 
in Table 13. 

TABLE 13.-Results of cozrclatioii bclwem inean niiniinuin temprraturea 
and corn yield. Warneon, Ohio, 188.9 to 191'. 

Correlation 
coemcient 

Correlation factor. r. 
(1) Mean minimum temperatures for 10 days before blossoniiiig 

and yield. __._...___...___. - - - - - - - - - .  - - - -. - -. __.  . . -. . . . -0.01 
(2) Mean minimum temperatures for 10 days after blossoming 

and yield ....___._.______..______.___________._._-----. - .01 
(3) Mean minimum teme ratures from date corn appears above 

ground to date of b!ssoming and yield.. . . - -. -. -. -. -. . . - .07  
(4) Mean minimum temperatures from date of blossoming to 

date corn is ripe and yield ....._.__..__. - -. - - - - -. . -. - -. - + .33 

FIG. 2-Relatfon between maximum ,temperature and daily growth of corn in Pem- 
sylvmo, July & P i ,  1W9. 

This shows no relat,ion whatever between t,he minimum 
temperature and the ield of corn c?sc,ept during t.ho 

This is rather low aiid we believe is entirely arcidenti, 
because t8he Pennsyhiiia experiment,s found that the 
vertical growth of corn prac.t,ically ceases when the plants 
tassel out. 

EfecCivr m.in a,Zb.--It is well known that sniall raiii- 

tha.n good, because by merelv wetting the surface 
cro% of t e ground an effective dust m u h  may he destroyccl 
and thus more water be lost to the crop by erapnration 
than has been gaind by the shower. 

Or nunierous light showers cluiing the early growth of 
the corn, by merely wetting the surface iiiay causn it t,o 
root near the surface where the soil will quickly dry oiit 
during later dry spells. In oiir own investigations of 
accumulative effects of weather i t  was found that when 
July was quite dry the find .yield was greater if the pre- 
vious June was nioderatsly rlrv also. 

Of course the rate of growth and development nf c ( y 1  
plants have been deterniined with certain defin1t.c. 
amounts of water, in the laboratory. Rut to t.ry and 
answer the often repeated questi?n as t:o just w!int. rain- 
fall amounts are ac.tually beneficial to the grow11 
or. are most beneficial, we hare adopted thn fo owing 
plan : 

The rainfall for a definite district and period is multi- 
plied by the total number of days with a certain aniouiit 

eriod from the date o I blossoming to date of ripenin . 

falls during a af ronght, may actually do more hmii t,o a 

fi Oorll' 

of rain or more and divided by the whole number of 
dags in tho period. 

a,b 

where a. is the t.ot,al rainfall for t,he period, b the number 
of days with 0.10 inch, 0.20 inch, 0.30 inch, etc., rainfall 
or more, arid c the total number of days in the period. 
In Table 14 the effective rainfall was determined by 

takin the rainfall a t  Columbus, Ohio, for the 51-day 

out new factors in accordance with the formula as above, 
and correlating t,hese new factors with the yield of corn 
in Franklin County, Ohio. 

This method shows whether a certain amount of rain 
is as effect,ive coming in many small showers, as it is in a 
few heavy showers, and it is accom lished by eliminating 

amounts. 
The general rule has been stated that for equal quan- 

tit,ies of rain its value to agriculture increases as the 
number of rainy days diminishes, and on the other hand 

The equation is simple: 

- 9  
C 

perio i from June 21 to August 10, for 20 years, working 

considerateion of clays with rainfa P 1s below the deh i t e  

FIG. 3.-Rclntion between minimum temperature and nocturnal 
Pennsylvanla, July 5-Z, 1889. 

growth of corn In 

dimii1ishes n.s the iiuniber of rainy days increpses. 
can be true, however, only up to a certain point. 

This 

TABLE 14.-( 'orrdafiorr fnhle for dctfrin.ining the )nosf efective rainfall 
i i t  thc yidd of rorii i i i  ('olionbiur a i d  Fraiiklin Counties, Ohio. 

Correlatlon 
coefficient 

Itainfall fiir July and yield of corn. - . -. . . . . . . . . . . . . -. . . . . . . . +O. 48 
Kainfall, June 21 to Au ust 10, and yield of corn ........_ - -. . . + .60 
k'actur determined for t i e  amountfi given below aa per formula 

1)eyR kith 0.01 inch or miire.. -. . -. -. -. . -. . . . . -. . . . -. . . + .61 
Days with 0.10 inch or more. - - - - - -. . . - - - -. . . -. . . - -. . . . . - + .61 
1)ays with 0.20 inch or more ._...... . -. . . . . . - -. . - -. _. . . . . + .61 
nay8 with 0.35 inch or more.. __. -. . . . . . -. . -. . -. - - -. . . - + .64 
Days with 0.30 inch or more ..._._. . -. . . - - -. - -. _. . . . .. . . . + .59 
Day8 with 0.40 inch or more .___.. - -. . . . . . - -. . -. -. . . - - -. . + .61 
nays with 0.50 inch or mnre .__.__ -. . . -. -. . . . . . . . - - -. . . . - + .70 
Davs with 0.60 inch or more ...._.. . . . . . . - - . -. . -. -. .__. . . + .55 
Dais with 0.70 inch nr ninre _ _ _ _ _ _ _ _  __ .  . . ___ .  . __ .  . . _ _ _ _  _ _  + .56 
Days with 0.75 inch or mnre ....._. . . . . . . . . . . . -. . . - -. . . . - + .57 
nay8 with 0.80 inch nr more _.____._. . . . . -. . - -. . . . - - - ._. + .38 
Day8 with 0.W inch or more _____. -. . . -. . . -. . . . . - - -. - -. + .59 
Days with 1.00 inch or more ...._. . . . - - - - -. -. . . . . . . . . . . . . + -41 

This table shows quite plainly that rainfalls of 0.50 
inch or more are the most effective in determining the 
yield. 

For fear that the results might be affected by taking 
the rainfall at' only one station, similar correlations have 
been calculated for the yields in Franklin, Madison, and 
Pickaway Counties, in central Ohio, and for the rainfall 

IMnfall Brtors. r. 

and the yield of corn: 
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at all of the stations in and around those counties, 1s in 
all, for the period from July 21 to August 10. The 
results follow in Table 15. 

TABLE 15.-Results from correlations for moat efle'prtire rab~al l s ,  Central 
Ohio, 1891 to 1910. 

rorrelat ion 
coefficient 

Correlation factors. r. 
W a l l ,  July 21 to August 10, and corn yield (we Table 4) - -. +O. 50 
Factor determined for the amounts below per formula and 

the yield of corn: 
D a y  with 0.01 inch or more ............................. + .44  

Days with 0.20 inch or more ............................. + .43 
Days with 0.25 inch or more ............................. + .49 
Days with 0.30 inch or more ............................. 4- .50 
Days with 0.40 inch or more ............................. + .47 
Daya with 0.50 inch or more ............................. + .64 

The differences in the correlation coefficients for the 
lower rainfall amounts are not reat and could be purely 

more, corresponds to that determined in Table -14 and 
seems to show that one-half of an inch of rain 1s more 
beneficial than lesser amounts. 

Days with 0.10 inch or more ............................. + . 51  

accidental. But the higher va s ue of T for 0.50 inch or 

FOUR GREATEST CORN STATES. 

Of the total acrea e of corn in the United States 30 per 

and Missouri. Of the total amount shipped out of the 
count in which it is grown 60 per cent is raised in these 
four &atas; The average area devoted to corn in these 
States is 30,325,300 acres. The average yield of corn is 
32 bushels per acre. 
The average rainfall has been correlated with the corn 

yield for thme States for the period from 1888 to 1911, 
inclusive, with rmulb as follows: 

TABLE 16.-Rcsults of correlation of rainfall with the corn yield for 
~ndiana, IhnoiS, Iowa, and Maaouri, 1888 to 1911. 

cent is grown in the f our States of Indiana, Illinois, Iowa, 

Correlation 
mmcien t 

1. 

Rainfall for June and corn yield .............................. +O. 34 
Rsinfall for July and corn yield.. .......................... - + .73 
Rainfall for Auguat and corn yield.. ......................... + .48 
Rainfall for June and July and corn yield .................... + .68 
Rainfall for July and AuguRt and cnrn yield ................... + .69 
Rainfall fnr June, July, and AuguRt and corn yield.. -. -. . - -. . + .69 

reater This shows that the rainfall for July has a 

July, or for a combination of these months with July. 
An analysis of the rainfall and yield data in thesestates, 

RS was made for Ohio, shows that the average increase 
in the corn yield wit8h each increase of one-half inch 
in the rainfall in July amounts to 3 bushels per acre. 
This means a total increase in the corn pield of 61,000,000 
bushels, worth thirty and one-half million dollars when 
corn is worth 50 cents per bushel. 

In these four States when the rainfall for July has been 
between 2 and 2.5 inches the yield of corn has averaged 
23 bushels per acre, and when the rainfall has been 

,hetween 2.5 inches and 3 inches the yield has averaged 
33 bushels per acre. This is an increase of 10 bushels 
per acre with an increase of only one-half inch of rain 
at the critical rainfall stage. But, this increase amounts 
to the enormous quantity of 300,000,000 bushels, worth 
somethin like $150,000,000. This also means an increase 

i8 worth 50 cenh per bush$ 

effect upon the yield of corn than that, for either f une or 

in @e va f ue of the corn cro of $5 per acre when corn 

.THER REVIEW. FEBRULRY, 1914 

A correlation of the mean temperature in July over 
these four States with the yield of corn shows a negative 
relation amounting to - 0.61. Investigation seems to 
show that this is due to the fact that cool weather 
usually accompanies rain in July. 

Figure 4 ex lains this and shows the combined effect 

of corn in these four States in July. This indicates that 
warm and dry weather in July is always unfavorable, 
and that wet weather is usually favorable. Also that 
if the weather is dry a good crop is apt to be gathered, 
if' it is cool also. 

This chart explains that it is not warm weather alone 
that is unfavorable but high temperature coupled with 
dry weather. 

of rainfall an B temperature differences upon the yield 

F I ~ .  4.-Dot chart ehowing combined effect of rahhll and mean temperature in 
Jul upon yleld of corn. Average8 for Indiana, Illinois, Iowa, and Midissouri, 
ISlf. +, yield above normal; -, yield below normal. 

Ra,i,nfaZl and corn. yield in eight States.-In Table 17 
is given the regular correlation table showin the relation 

yield of corn inyushels per acre over Ohio, Indiana, 
Illinois, Iowa, Nebraska, Kansas, Missouri, and Ken- 
tucky, for the past 35 years. 

The correlation coefficient in this case is +0.78, while 
the probable error is only 50.05. This is a very hi h 
correlation and indicates the high effect of the J u  f y 
rainfall alone when considerin large districhs. 

escess in the rainfall has always been followed by an 
escms in the corn yield. Also that a deficiency in the 
rainfall in July has been followed by a deficient yield 
every year escept four, and in each one of these years 
the rainfall deficiency was sli ht. 

The normal rainfall over &ese eight States in July io 
3.n inches, and t.he normal yield of corn 30 bushels per 
acre. The avemge area devoted to corn is close f.0 
50,000.000 acres. 

The yield of corn during those years when t,he rainfall 
averages onehalf inch less than the normal or less has 
been 33 bushels per acre. On the other hand, when the 
rain has been onehalf inch or more above the normal 
the yield has averqed 33 bushels per acre. 

between the aver e rainfall for the month o P July and the 

An inspection of t,he table % rings out the fact that sn 
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6 

mount. 

Bwbeh. 
32 
33 
23 
32 
a8 
26 
20 
31 
34 
26 
29 
30 
31 
18 
34 
2 9 .  
30 
36 
36 
30 
29 
31 
32 
30 
34 

TABLE l7,-Comldion of rainfiil in July and the yield of corn for Ohio, 
Indirma, I l l i d ,  lima, N c b r d ,  K m m ,  Afhowi, and Kmtpleky. 

6 

:r 
-- 

Bwhclrr. + 2 + 3 - I + 2 
- 2  - 4 
-10 + 1 + I - 4 
- 1  
+ 1  + 1 
-12 + I 
- 1  + 0.3 
+ 5  + 6 + 0.5 
- 1  + 1 + 2 - 0.1 + 4 --- 

.................. .................. 

YeSr. 

1 

~~~ ~ 

1888 .......... 
1889.. ........ 
1880.. ........ 
1891.. ........ 
1892.. ........ 
1893.. -. -. . -. . 
18W.. ....... 
1895... ....... 
1896.. ........ 
1897.. ........ 
1888.. ........ 
1889.. ........ 
1900.. ........ 
1801.. ........ 
1902.. ........ 
1903.. ........ 
1904.. ........ 
1906.. ........ 
1806... ....... 
1807.. ........ 
1808.. ........ 
1909.. ........ 
1910... ........ 
1911 ......... 
1912.. ....... 
sum.. ..... 
Meals. . .  .... 

P 

Lmount. 

I%Ch.  
3.6 
4.9 
2. 1 
3.6 
3.8 
3.0 
1.6 
4.2 
6.4 
3.6 
3.5 
3.8 
4.6 
2. 0 
4.8 
3.8 
4.4 
4.9 
3.8 
5.1 
3.6 
5.1 
4.2 
2. 8 
4.1 

97.3 
3'. 9 

- 
8 

DepW- 
ture. 

India. 
-0.8 
+1.0 
-1.8 
-0.3 
-0.1 
-0.9 
-2.3 
+0.3 
+2.5 
-0.3 
-0.4 
-0.1 
+O. 7 
-1.9 
+o. 9 
-0.1 
+0.5 
+ l . O  
-0.1 
+1.2 
-0.3 
+1.2 
+0.3 
-1.1 
+o. 2 - 

........ ........ 

4 

, uareol 
&part- 

ura. 

0.09 
1.00 
3.24 
.09 . 01 
.81 

5.29 
.09 

6.25 
.09 
.16 . 01 
.49 

3.61 
.81 . 01 
.25 

1.00 
.01 

1.44 
.09 

1.44 
.09 

1. 21 
.04 

27.62 ........ 

Corn yield. 

I 
9 

49 
4 
4 

16 
100 
1 

16 
18 
1 
1 
1 

114 
16 
1 

25 
36 

1 
1 
4 

16 

........ 

........ 

........ 
466 ........ 

8x6 

8 

- 0.6 + 3.0 
+12.6 
- 0.6 + 0.2 + 3.6 
+23.0 + 0.3 
+10.0 + 1.2 + 0.4 - 0.1 + 0.7 
+22.8 
f 3.6 + 0.1 + 0.2 + 5.0 - 0.6 + 0.6 + 0.3 + 1.2 + 0.6 + 0.1 + 0.8 

+88.4 ......... 

This means that when the rainfall for July averages 
less than 3.4 inches, the eld of corn over these eight 

the rainfall is more than 4.4 inches. 
This is a difference of 500,000,000 bushels in the total 

yield of corn, ind when corn is worth 50 cents per bushel 
the purchasin power of the farms in the central 
the United tates is increased $250,000,000 t rough 
corn alone. 

States will average 10 bu s i r  els to the acre less than when 

Rart Of 
Surely, corn is king. 

Discussion of jigu.ras. 

Eachfigure is explained by its head and legend. I t  will 
be well, however, to call attention to the fact that in Iowa 
and South Dakota the mean date of the beginning of corn 
harvest as shown by fi ure 9 is later than the average 

most other districts the corn harvest begins be ore killing 
frosts. 

It would seem, therefore, that in calculating the lengtrli 
of the growing season to be froni the date of planting to 
the date of harvestmg we are considering too long a 
growing season in Iowa and South Dakota. This seems 
to be shown in the large number of growing days in 
figure 10, too high thermal constants in fi ure 11, too 

f date of the first killing B rost, as indicated in fi ure 7. In 

great an amount of rainfall in figure 13, an 9 too great a 

uuniber of possible hours of sunshine as shown in figure 
14, in that particular district as compared with sur- 
rounding States. 

This is particularly brought out in figure 12 by the low 
daily thermal constants in Iowa, es eciall as compared 

a t  the end of 
the season should have been the average date of the h t  
killing frost in the autumn, but inasmuch as the dates of 
beginning of plant.ing and the be 'nning of harvest were 
used in other States, we have gought best to use the 
same data throughout. 

I n  figure 15 the effect of the Great Lakes in causing an 
increased amount of cloudy weather is well shown. 

In  connection with these thermal constant and sun- 
shine charts, reference should again be made to the sun- 
shinehour degree differences as stated on page 78 of this 
article. The whole study of thermal and sunshine con- 
stants is a most important one and can profitably be car- 
ried out more in detail. 

with other sections. It is quite pro E i J l  able 

CONCLUSIONS. 

1. The controlling weather factor in the great corn- 
growin districts of the United States is rainfall. 
3. &e critical period of growth of corn during which 

favorable weather will cause a large crop and unfavorable 
weather a short crop, is comparatively brief. 

3. If the rainfall for calendar months be considered, 
that for July has s far eater effect upon the corn .yield 

4. The rainfall from about the middle of July to the 
middle of August has a far greater effect u on the corn 

5. The rainfall for the 10 days following the fate of 
blossoming has an almost dominating effect u on the 

G. If the rainfall is small during the 10 days after blos- 
somin a hi h temperature has a very unfavorable effect 
upon &e yisd. 

7. Rainfalls of one-lialf inch or more have a greater 
effect upon the developnient of corn than falls of less 
amount. 

8. It. seeins possible to give a close estiiiiate of the 
probable yield of corn by August 10, by cmeful st.udy of 
the weat.lier conclit,ions that. liuve prevailed up to t1ia.t 
time. 

9. The import.ance of shallow cultivation after each 
rainfall in July, and after August 1 for the u 058 of 

water b - evaporation, can not be overestimated. 
10. Tie  sclence of agricultural nieteorology can be 

sclvanced, and the resu1t.s of these investigations be niade 
of more practical value to the farmer, by a detailed study 
of t,he crit,ical periods of growth and the weather factors 
niost affecting the yield of other field and garden crops. 

than rainfall for any o ti? er month. 

.yield than that for any other period of si rmlp ar len th. 

yield of corn, the larger the rainfall the larger t R e yield. 

forming a dust niulch and thus preventing t RT e oss of 
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Flu. S.-Numbar of acres planted to corn in each State in 1910. 
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FIQ. 7.-Average date of Urst killing frost in autumn. (From Weather Bureau Bulletin V.) 

IhQ. R-Average date when corn planting beglnn. (From Bureau of Btathticd Bulletin 85.) 
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Fro. 9.-Averege date when corn hsrventing beginn. (From Burepu of S t a t w e  Bulletin 86.) 
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Fra. ll.--lwrage thermal canstants between planting and harvesting com. Figures show sums of dally mean hmperaturen above 43’ F. d u r a  
growth and mattirmg of the corn plant. 
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FIG.  l3.-Rainfall oanstants from planting to harvwtfng of corn. (Average total rainfall durlng the growth and maturing of the corn plant.) 


